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| The mission of the Gap Analysis Program (GAP)
- <gapanalysis.nbii.gov> is to promote conservation by
providing broad geographic information on biological

who can use the information to:make informed decisions. -

As part of the National Biological Information ;
Infrastructure (NBII) <www.nbii.gov> — a collaborative -
program to provide increased access to dataand

- information on the nation’s biological resources —GAP

- data and analytical tools have been used in hundreds of

¢ applications: from basic research to comprehensive state

- wildlife plans; froim educational projects in schools to:
ecoregional assessments of biodiv’ersity. )

The challenge: keeping common species common means

* this on a state or regional basis requires key information
~ such as land cover descriptions, predicted distribution
maps for native animals, and an assessment of the level of
protection currently given to those plants and animals.

GAP works cooperatively with federal, state, and 10eal
natural resource professionals and academics to provide

diversity to resource managers, planners, and policy makers

protecting them BEFORE they become,threa]tenéd. Todo

The Gap AnaIyS|s Program ... in Brlef

this kind of mformatlon GAP activities focus on the
creation of state and reglonal databases and maps that
depict patterns of land management, land cover, and
biodiversity. These data can be used to identify “gaps”
in conservation — instances where an animal or plant
community is not adequately represented on the existing

- network of conservation lands

GAP is administered through the U;S. Geological Survey.

Through building partnerships among disparate groups,

GAP hopes to foster the kind of collaboration that is needed
to address conservation issues on a broad scale.

For more information, contact:

- John Mosesso :
~ National GAP Dlrector

703 648 4079

Kevin Gergely
National GAP Operatlons Manager
208 885 3565
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A Brief Overview of the Southwest Regional GAP
Land Cover Mapping Effort

John Lowry

Remote Sensing/GIS Laboratory, College of Natural Resources,
Utah State University, Logan, Utah

Introduction and Project Area

The Southwest Regional Gap Analysis Project (SWReGAP)

was initiated in 1999 as a multi-institutional cooperative effort
to map and assess biodiversity for a five-state region (Arizona,
Colorado, New Mexico, Nevada, and Utah). This area comprises
approximately 150 million hectares (560,000 square miles),
representing approximately one-fifth of the coterminous United
States. A key task in this effort was to develop a seamless land
cover map for the region. The five-state region was divided into
20 ecologically and spectrally similar mapping zones. Each
mapping zone provided a functional working area for project
management, data collection, and modeling. Each state was
responsible for the mapping zones roughly corresponding to their
state jurisdiction (Figure 1). .

Methods

Data Preparation

Landsat 7 enhanced thematic mapper plus (ETM+) images were
selected from 19992001 for three seasons: spring, summer,
and fall. Scenes were selected for optimal representation of
seasonal phenology and minimal cloud cover. Landsat scenes

Figure 1. Five-state region divided into mapping zones.

were standardized using a dark object subtraction method and
mosaicked for each mapping area. Image transformations such as
brightness, greenness, and wetness bands were created for each
image mosaic. Digital elevation data, provided by the National
Elevation Data Set (1999), were a subset for each mapping zone,
as were subsequent digital elevation derivatives, such as aspect
and landform. Each mapping zone had a 2 km overlap with the
adjacent mapping area, providing an overall 4 km overlap region
between modeling areas.

Training Sample Collection

Approximately 93,000 samples were available for the
five-state region (Figure 2). The majority of samples were
collected through field surveys conducted between 2001 and
2003. Field surveys involved recording ocular estimates of
biotic characteristics (percent cover of dominant species for
trees, shrubs, grasses, and forbs) and physical characteristics
(elevation, slope, aspect, and landform). The location of

each sample site was recorded with a global positioning

system (GPS) reading and a polygon digitized using a laptop
computer with thematic mapper (TM) imagery as a backdrop.
In addition, two digital photographs were taken at each sample
location. Sampling involved traversing all navigable roads in a
mapping zone and opportunistically selecting samples based on
appropriate size and composition (i.e., representative) of stands.
Additional samples, obtained from other projects, imagery, or

Regional Total: ~93,000 samples

Figure 2. Approximately 93,000 training samples collected from

various sources. .
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aerial photo interpretation, were also used, though these were in
the minority.

Thematic Mappmg Legend

The focus of the mapping effort was on natural and seminatural
systems. The basic thematic mapping unit was the ecological
system concept developed by NatureServe (Comer et al. 2003).
Ecological systems represent recurring groups of biological
communities that are found in similar physical environments and
are influenced by similar dynamic ecological processes. They
are intended to provide a thematic mapping unit mappable at a
meso-scale level from remotely sensed imagery. Each sample

site was assigned an appropriate land cover label in the database
prior to the modeling process.

Land Cover Modeling
The majority of natural and seminatural land cover classes were
modeled using a decision-tree (DT) classifier. DT classifiers

are becoming a common approach used for land cover mapping

(Lawrence and Wright 2001; Pal and Mather 2003; Brown de
Colstoun et al. 2003). Advantages of DT include the ability to
use both continuous and categorical predictor data sets with
different measurement scales, good computational efficiency, and
an intuitive hierarchical representation of discrimination rules.

A major technical challenge in the past has been that of spatially

& CART Sampling Tool

applying the decision-tree rules generated by the DT software
within a geographic information system.

After experimenting with the development of several
approaches, the project used See5/C5.0 (Rulequest Research
2004) for the DT classifier and ERDAS Imagine for spatially
applying the DT-generated rules. The integration of these
software systems was greatly facilitated by the use of a

“customized interface for ERDAS Imagine developed under

contract by Earth Satellite Corporation for the U.S. Geological
Survey Eros Data Center (Figure 3). Where the decision
tree could not be used, other techniques, such as localized

unsupervised clustering or screen digitizing, were used to map a
minority of cover classes.

Results

Model Validation

DT models were validated by generating initial models using

80 percent of available samples, while withholding 20 percent
of samples. Withheld samples were randomly selected and
stratified by cover class. Withheld sample polygons were
intersected through the land cover map to create an error
matrix, presenting users, producers, and overall “accuracies.”
The kappa statistic was also calculated for the error matrix. This
validation process was performed on each of the 20 mapping
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Figure 3. ERDAS Imagine custom interface for integrating Imagine with See5/C5.0.
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areas for the five-state region. Overall accuracies (sum of
diagonals) vary from mapping zone to mapping zone and
will be presented in the final report.

Regional Mosaic and Data Set Delivery System

Using the 4 km overlap region between mapping zones,

a “cutline” was used to edge-match adjacent mapping

areas where land cover discontinuities resulted from the
modeling process. The resulting five-state region mosaic was
qualitatively reviewed by the five state teams and NatureServe.
Following review, a limited number of errors were “flagged”
for final editing. The “edits” that were determined to be
relatively easy to correct with localized recoding, or a simple
conditional model, were made to the regional map.

The SWReGAP land cover data set was completed in
September 2004, and it is currently available to the public with

tive Map Server Mo

G Guekenarts ook

2 jalasla

“provisional” status from <http://earth.gis.usu.edu/swgap/
landcover.html>. Because the data set encompasses such a
large region, the web site allows users to download specific
geographic segments of the region, such as individual states,
counties, or ecoregions. Additionally, the web site offers an
Internet map server from which users can interactively clip
a specified rectangle in the region. The clipped data set is
subsequently bundled with metadata and made available for
download (Figure 4).
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GAPServe Brings GAP Data Online

Donna Roy! and Jill Maxwell?

1U.S. Geological Survey Center for Biological Informatics, Reston, Virginia
2Gap Analysis Program, Moscow, Idaho

Introduction

The Gap Analysis Program (GAP) is now in a very exciting
period of development. With 36 state projects complete and more
to be finished in the next year, GAP is tackling the challenge

of effectively serving data products to customers. The sheer
volume of data generated over many years makes it necessary

to have better discovery and visualization tools, so that resource
managers, scientists, and other interested parties can find and
view the data from GAP.

After a year of design and development work, GAP is ready
to introduce GAPServe. The full rollout of this new product
occurred in June 2005. Usability testing will occur over the
 summer, and any modifications to the site will be made in the
fall. GAPServe can be found at <http://gapanalysis.nbii.gov/>.

The primary goal of GAPServe is simple: to serve as a data
warehouse where users can search for and visualize GAP data. It
is important to note that this product is not intended for advanced
mapping or analytical processing of GAP data over the Internet.
Rather, it is designed to serve the data to any other Internet
mapping service through the Open GIS Consortium’s Web Map
Service (WMS) 1.1 specification.

In the past, users trying to integrate data across state or regional
boundaries had to download individual files for each state, then
spend a considerable amount of time converting data into a single
projection system so they could be used in a seamless manner

within a mapping program. This process was tedious and time
consuming.

With GAPServe, users can search for all applicable species
distribution models by entering a common or scientific name,
or by browsing through the taxonomy. This single user interface

(Figure 1) allows users to explore available GAP data easily and
efficiently.

Users can now view the data in any Internet browser using a

map viewer. They can look for data on such things as land cover,
stewardship, or single-species distributions, and the map viewer
presents a seamless view across states based on the availability of
online data. For example, the mountain beaver (Adplodontia rufa)
species models, as delivered by California, Nevada, Oregon, and
Washington, are shown in Figure 2.

GAP Data Issues

From the inception of the program, GAP projects have been
conducted on a state-by-state basis and data have been delivered
for single states. While each project used the processes and
standards in the GAP Handbook, data from one state could be in
a different format, projection, or classification scheme than data
from neighboring states. When viewing multiple-state project
data, therefore, users have encountered the following issues:

differences in the species names and species models used
by states;

« differences in the categorization of stewardship and
management areas; and

+ differences in the categories of land classification. For
example, while one state might have four types of land
cover (forest, agriculture, water, and urban), a neighboring
state could have five (deciduous forest, coniferous forest,
agriculture, water, and urban).

It is important to note that base data, as delivered from the state
projects, remain in GAPServe. However, since the primary

goal of GAPServe is to let users visualize the data on a map,
some changes were made in the way the data are visualized.

For example, in the case of land classification data, all of the
classifications were cross-walked to a more generalized set of
NLCD 2001 categories to present a meaningful seamless map.
Species distribution models are shown as either Habitat (potential
presence) or Not Habitat (potential absence), since different types
of models could have been run in each state.

Search for GAP species habitat models by name (scientific and/or common name), taxonomic group, or taxonomic
code.
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€A | caamatedtD10.zip NA Zipped grid In Intarchznge format (e00) | 5.88 Mb

Figure 1. GAPServe's user interface.
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Figure 2. Map viewer depiction of mountain beaver (Aplodontia
rufa) species models.

As shown in Figure 3, even though the land classification was
cross-walked, there are still discrepancies associated with

using the data in a seamless manner. These data discrepancies

or differences will exist in GAP state data until the regional
projects, which will address the data issues described above,

are delivered. Once completed, these regional products witl

also be made available within GAPServe. The new five-state
Southwestern U.S. data set will be available through the portal in’
late 2005.

Next Steps ‘
As we release version 1.0 of GAPServe, we would like to

gather comments from GAP researchers and data users. We are
interested in your input so that the best product to showcase GAP
data and results can be made available to the broader community.
Comments on the current version of the portal should be sent to
jmaxwell@uidaho.edu or droy@usgs.gov.

In addition to ensuring that the product meets the data searching
and visualization needs of the user community, we have

also redeployed the current GAP web site using tools and
methodologies provided by the National Biological Information
Infrastructure (NBII), a program managed within the U.S.
Geological Survey Biological Resources Discipline. By using the

sead S ﬂﬂ Transportation

Figure 3. Map viewer depiction of land cover types.

NBII tools, both GAP and NBII will meet the following objectives:

+ allow for the creation of consistent content and gather
input from distributed sources by applying NBII standards;

+ allow the serving of GAP resources to and from NBII node
web sites through the use of the input tool developed for
resource cataloging;

* minimize the time spent in web page development and
maximize content development and management efforts,
thus allowing for richer content with less effort from the
web developer;

+ facilitate collaboration among GAP projects by
providing discussion lists, document sharing, and project
management capabilities; and

* make it easier for users to find resources and documents by
using the power search engine used by NBII.

Summary

As GAPServe is rolled out, we look forward to your comments.
We are confident that the new site and data warehouse, integrated
more closely with the structure of the NBII, will enable us to
more effectively deliver the results of over fifteen years of work
by GAP professionals.

Gap Analysis Bulletin No. 13, December 2005 7
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Refining Southeast Regional GAP Models for Use in
Regional Bird Conservation Planning: A Pilot Project

Steven G. Williams and Alexa J. McKerrow
Biodiversity and Spatial Information Center, North Carolina State
University, Raleigh, North Carolina ‘

Introduction

The Southeast Regional Gap Analysis Project (SEReGAP) is
partnering with the U.S. Fish and Wildlife Service (USFWS)

in a pilot project to explore the potential for refining GAP
vertebrate models for priority bird species to more closely meet
the conservation needs of the avian conservation community.
Traditional GAP models of presence/absence have not provided
enough specific information about habitat suitability, which is
critical for setting conservation goals and objectives. However,
recent advances with inductive modeling techniques with small
data sets have given GAP modelers new tools for developing
more information-rich models (Phillips et al. 2004).

Project Description

In this collaboration, SEReGAP brings to the table high-quality
data sets and spatial modeling expertise, while the USFWS brings
biological expertise on habitat quality, a network of experts, and
the potential for monitoring and adaptive management (Figure 1).

Three key habitat types—cove hardwoods, nonalluvial forested
wetlands, and upland grassland-dominated habitats—have been
identified as the focus habitats for this pilot project. Twenty-nine
species of birds have been identified for modeling within those

habitats. Selected species have been identified as priority species

for monitoring and/or conservation efforts by Partners in Flight
(Rich et al. 2004).

In September 2004, a meeting of regional biologists and modelers
was hosted by the USFWS in Atlanta to review a variety of
modeling approaches and the data sets available for modeling in
the Southeast. The objectives of the meeting were as follows:

1. To inform partners about current regional modeling efforts
by the USFWS, Joint Ventures, and SEReGAP

2. To get feedback on the draft aggregation of Ecological
Systems (Comer et al. 2003) into Avian Habitat Types

3. To review the priority bird species selected for each habitat

type
4. To review existing avian models for those species

5. To provide the background on ancillary data available
for use in modeling and to work with partners to identify
specific parameters based on their expertise (e.g., core area,
distance to water)

6. To get feedback from partners on additional methods/data
that could be used to improve modeling

Prior to the meeting, SEReGAP developed a series of models
for seven of the priority species. These models were based on a
habitat-affinity database derived from the literature and linked

. . Presence/
High . Habitat
SEReGAP | Definition Ancillary Modeling Absence
Land Cover Data Expertise Habitat
Models
Habitat , Habitat
USFWS Modeling = " Suitability
Expertise / \ Models

Quantify habitat productivity
Expert opinion/Literature
Statistical models

Clearly state assumptions

Establish monitoring to test

Figure 1. Contributions by SEReGAP and the USFWS to regional habitat-suitability models used in setting regional

conservation goals.
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to the state-based GAP land cover maps through a habitat list
commonly used in the Southeast for describing bird habitats.

At the meeting, presentations by the Mississippi Alluvial ,
Valley Joint Venture office (MAV-JV) and the Upper Midwest
Environmental Sciences Center (UMESC), as well as SEReGAP,
set the stage for the range of modeling approaches that could

be taken. Some of the feedback obtained at the meeting was
immediately incorporated into changes in the ancillary data-

set development and the parameters used in the models, while
other feedback is helping to shape the process to derive regional
conservation goals from the final models.

Currently, SEReGAP and the USFWS are working on compiling
the feedback from all participants and updating the cross-

walk of the final habitat types to Ecological Systems. Once
those changes have been made, habitat-suitability models will
be developed incorporating both inductive and noninductive
modeling approaches. In addition, sensitivity analyses of the
data input layers will be run to identify those data sources that
are critical to the model’s performance. After models have been
created, another round of meetings will be held to review those
models and to work on incorporating the results into conservation
planning efforts.
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The Integration of GAP Data into State Comprehen’Sive
Wildlife Conservation Strategies

Jill Maxwell
U.S. Geological Survey Gap Analysis Program, Moscow, Idaho

Introduction

One of the primary goals of the Gap Analysis Program (GAP)
has always been to facilitate conservation planning by providing
objective information that local, state, and national decision
makers can access for managing biological resources. GAP
products, including land cover, predicted species distributions,
species richness indices, land stewardship maps, species habitat
models, and even the GAP approach itself, could be key tools in
making decisions about conservation. GAP products are freely
available to anyone who wants them, yet few conservation

agencies have taken advantage of the available data and protocols
(McClafferty and Waldon 2002).

Now, with the advent of a federal mandate requiring each state
to develop a Comprehensive Wildlife Conservation Strategy
(CWCS), a perfect opportunity for GAP implementation has
presented itself. In turn, many state wildlife professionals, faced
with the task of inventorying and planning for the conservation
of fish and wildlife species in their states, have turned to GAP
as one of the tools that can help them. This paper provides a
brief legislative background of the State Wildlife Grants (SWG)
program and summarizes how states have used GAP data to
develop their CWCSs.

History of Wildlife Conservation Strategies

The SWG program is the direct result of a coordinated lobbying
effort in the late 1990s by a coalition of state wildlife management
agencies (Teaming with Wildlife), the public, and other interested
organizations. The proposed Conservation and Reinvestment Act
(CARA), which the coalition lobbied for, would have creatéd

a new long-term Wildlife Conservation and Restoration Fund
focused on conservation, recreation, and education. Despite strong
bipartisan support and a broad conservation coalition, Congress
did not fund CARA. Instead, in October 2000, a compromise
package of conservation spending was cobbled together. One
component of this new package was the State Wildlife Grants
program, which was designed to provide competitively awarded,
cost-shared grants to states for conservation.

In 2001, Congress empowered the SWG program to award
money on a formula basis. In contrast to earlier programs, which

focused primarily on game species or on threatened and/or
endangered species, SWG projects are directed to focus on the
conservation of fish and wildlife species of greatest conservation
need (SGCN), while promoting proactive conservation to

keep common species from becoming endangered. Since

2002, Congress has distributed $270 million in SWG funds to
the states, U.S. territories, the District of Columbia, and the
Commonwealth of Puerto Rico according to a formula based

on land area and population. Approximately $75 million will be
distributed in FY2005.

In exchange for the funding they receive, each state must
complete a CWCS. The deadline for completion of the initial
plans was October 1, 2005. Upon completion, each state must
review and reevaluate its plan on a regular schedule of at least
every 10 years. If a state did not produce a CWCS by the

deadline, it may be required to repay all the SWG funds it
has received. '

The responsibility for developing the CWCS rests with each
state. State fish and wildlife agencies are involving a broad
spectrum of partners, including other government agencies,

conservation groups, private landowners, and the public
(IAFWA 2004b).

Guidelines to state planners regarding the development of

their conservation strategies encourage state coordinators to
use relevant existing information; in particular, to integrate
appropriate elements of other plans, databases, GIS layers,
reports, and information that overlap or complement the
strategies they are developing (IAFWA 2002). Most states
seem to be heeding this advice. As of January 1, 2005, 37
states had completed their GAP projects. Of these, 25 had -
incorporated GAP data into the development of their CWCSs.
Another eight states that did not yet have complete GAP data

sets and final reports were using the GAP data available to
them for CWCS development.

Essential Elements of Comprehensive Wildlife
Conservation Strategies

Congress directed that the state wildlife strategies must identify
and be focused on SGCN species, yet also address the “full
array of wildlife” and wildlife-related issues facing the state.
To help establish a framework for the conservation plans,

5

Gap Analysis Bulletin No. 13, December 2005



GO pAnc:lysis

Congress identified eight required elements to be addressed in
each state’s CWCS:

1. Information on the distribution and abundance of species
of wildlife, including low and declining populations, as the
state fish and wildlife agency deems appropriate, that are
indicative of the diversity and health of the state’s wildlife

2. Descriptions of locations and the relative condition of key
habitats and community types essential to conserving the
species identified in (1)

3. Descriptions of problems that may adversely affect species
identified in (1) or their habitats, and priority research and
survey efforts needed to identify factors that may assist in
the restoration and improved conservation of these species
and habitats

4. Descriptions of conservation actions proposed to conserve
the identified species and habitats, and priorities for
implementing such actions

5. Proposed plans for monitoring species identified in (1)
and their habitats, for monitoring the effectiveness of the
conservation actions proposed in (4), and for adapting
these conservation actions to respond appropriately to new

- information or changing conditions

6. Descriptions of procedures to review the strategy at
intervals not to exceed 10 years

7. Plans for coordinating the development, implementation,
review, and revision of the plan with federal, state, and
local agencies and Indian tribes that manage significant
land and water areas within the state or administer programs
that significantly affect the conservation of identified species
and habitats

8. Broad public participation, which was affirmed by
Congress through this legislation as an essential element of
developing and implementing these strategies, as well as
of the projects that are carried out as part of the strategies
(IAFWA 2004a)

| ® Land cover information

m SGCN species distributions
O Species richness data

+ Habitat models/distributions
m Species list

& Narrative from report

B Stewardship layer

% Invasive species distributions
W Identify priority conservation areas
m Aquatic GAP data

7

Figure 1. Use of GAP data in the development of state
comprehensive wildlife conservation strategies.

GAP Data Use in Comprehensive Wildlife
Conservation Strategies

Four of these required elements could benefit from geospatial
information in general, and from GAP data in particular. For the
first element, there is a clear fit with GAP’s predicted species
distribution maps for fulfilling the requirement for information
on the distribution of species. For the second element, GAP
provides location information that can facilitate making site
visits to assess the locations and relative condition of key
habitats and community types. For the third element, GAP land
stewardship and predicted species distribution data could be used,
in conjunction with other data about land use, to identify areas
threatened by impacts such as urbanization, invasive species, or
mining. This would address the requirement to describe problems
that may adversely affect species. And for the fourth element,
GAP land stewardship and species richness data could be key

in determining conservation opportunity areas that, if protected,
could secure SGCN species and their habitat. These data would
help address the requirement for descriptions of conservation
actions proposed to conserve the identified species and habitats
(NBII 2004).

The fifth element, which requires plans for monitoring species
and their habitats, could be addressed by coordinating with
GAP’s NatureMapping program, which is currently operating in
six states. One of the primary objectives of the NatureMapping
program is the collection of data on wildlife and habitat by
trained observers. Through carefully designed workshops,
even people with little experience in field data collection are
taught to observe wildlife and transmit their observations to a
central database using online forms. All NatureMapping data
are reviewed by experts before being accepted for entry into a
database of observations. This database could later be used to
validate habitat models or record species’ expansions. By using
NatureMappers to monitor wildlife and habitat in high-value
conservation areas, states could get a dynamic picture of how
their conservation efforts are progressing.

Since GAP data are potentially useful in completing CWCSs,
the focus of this project was to investigate the extent to which
GAP data were being used in their development. State wildlife
strategy coordinators and GAP principal investigators were
surveyed. Because this was a preliminary assessment, subjects
were simply asked whether GAP data were being used for
CWCS development in their state; if yes, how; and if no, why
not. Responses were received from at least one person in 39
states, and of the 11 states that did not respond, three had not yet
completed their GAP project.

Survey results (Figure 1) showed that GAP data have most often
been used to address CWCS elements one and two. Sixteen
states have used GAP data to develop or refine predicted species
distribution maps for SGCN species. Sixteen states have used the
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data to develop maps of habitat for SGCN species, while seven
states are using GAP data to update or refine species richness
maps—often weighting the maps in favor of SGCN species to
help identify priority conservation areas. For example, Kentucky
used GAP predicted species distribution maps for high-priority
species as a key layer in identifying the most important habitat
parcels to protect. A species-weighting matrix was developed
from NatureServe G and S ranks that allowed each species to be
assigned a score reflective of rarity in Kentucky. GAP species
distribution models were recoded so that each high-priority
species was assigned a relative rarity score and each 30 X 30
meter pixel of the land cover map was given a score based on
whether it provided no data (0), marginal (1), or optimal (2)
habitat for that species. The “weighted” scores were summed
using ESRI’s Spatial Analyst extension for all high-priority
species across the landscape (Figure 2). The resulting predicted-
species rarity layer was used in conjunction with other data sets
to identify optimal conservation areas (Wethington 2003). New
Mexico has used a similar process of rating target species, in
combination with the use of intelligent assemblages to capture
taxonomic diversity within identified land cover types, to identify
priority habitat types (Schrupp and Boykin 2004).

GAP’s land cover data have been an important piece in plan

development in 20 states. In five states, GAP land cover was the
basis for the habitat classification system
used (TWW 2003). Some states, such as

The six respondents who did not incorporate GAP into their
strategies cited several reasons: one said the data in their state
were too old to be useful, one said the data were too coarse to
be useful for a small New England state, and four expressed
frustration that data were not yet available for them.

Conclusion

GAP data have played an important role in the development

of state CWCSs. This is an encouraging sign that some early
challenges to GAP implementation are being met. Other
challenges, such as the lack of awareness and access to GAP
data, the difficulty of applying coarse-scale maps to small areas,

and the age of the data, will be resolved as GAP moves into
regional efforts.

It is possible that as planners and other land-use decision makers
see GAP data being used, they will begin to incorporate them
more into their own efforts. Because GAP projects were designed
as collaborative projects, they have helped to develop and foster
the cross-agency partnerships that will be essential to integrated
conservation efforts, such as CWCSs, in the future. More
important, as regional GAP projects, land cover maps, and data
sets are completed, state conservation professionals will continue
to find GAP data an important tool in conservation planning.

North Carolina, reclassified land cover
to a habitat map to show the distribution

Indiana bat. G2 $1=40

Blue-winged teal. G5 §1=5

of broad habitat types. Other states made i .

a subset of land cover that corresponded marginal:y. | "o deta:0 ::?;?; \iatl)ue. suiteblez2 | suitabloz
to natural vegetation to help identify Margin a|—:1

potential conservation Opportunity areas. suitoble=2 suitoble=2 Suitable = 2 marginal=l no dota=0
Georgia incorporated GAP data for land

cover, conservation lands, and predicted

species distribution maps, along with

ancillary data sets, to identify high-quality

habitat patches—particularly patches 1*40=40 0*40=0 Individual species value | z2+g=1g 2%5=10
adjacent to existing conservation lands

(Ambrose 2004; Kramer and Ellitott 2005). 4080 | 240250 [*Be5 0620

Other ways that states have used GAP
data for their CWCSs include using the
habitat narratives from GAP reports (four
states), using the GAP stewardship layer
to identify priority conservation areas (six
states), using GAP aquatic data to develop
models and predicted distribution maps
for SGCN aquatic species (two states),

I

—

40+10=50 | 0+10=10

80+5=85 80+0=80

Final pixel score

and using the data to identify threats
posed by invasive species (one state).

Figure 2. Matrix showing habitat and individual species values for Indiana bat and blue-
winged teal and resultant final pixel scores.
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Introduction

Congress is requiring all state agencies that receive funding
through the State Wildlife Grants program to develop a statewide
Comprehensive Wildlife Conservation Strategy (CWCS). The
goal of this program is to create partnerships and provide a forum
for coordinating conservation activities throughout each state.
The CWCS process requires a landscape and ecosystem approach
to planning for the protection of biodiversity. The Gap Analysis
Program (GAP) provides landscape-scale information that can
act as a coarse filter for identifying large areas of intact natural
vegetation and habitats. It also provides information on the extent
of existing conservation protection. GAP data include a land cover
and vegetation map of the state, maps of the potential distribution
of the terrestrial vertebrates found in the state, and a map of the
distribution of conservation lands in the state.

In Georgia, GAP data allow us to identify coarse-scale habitat
patterns, which play a key role in the long-term maintenance of
wildlife populations. Habitat fragmentation is a key contributor
to the decline in many wildlife species (Farhig 2003). By using
spatial pattern analysis tools, large intact areas of vegetation can
be identified and prioritized for the CWCS process.

The purpose of our project is to use GAP and other data to
evaluate areas across Georgia for potential conservation
opportunities. Products include new data that identify areas

-of natural vegetation that have been minimally fragmented.
Additionally, these areas are evaluated to determine if they contain
or are likely to contain rare species, how well these species are
protected by the current conservation network, and whether they
may be threatened by human encroachment. The different data
sets may be used individually or in combination to determine
which natural areas may need conservation protection.

‘Methods

Natural Vegetation

The primary data set for much of this project is the Georgia Gap
Analysis Project (GA-GAP) 1998 vegetation map. This vegetation
map was recoded to produce a map of natural vegetation. Table 1
lists the classes that were categorized as either natural vegetation
or nonnatural. Although several classes not classified as “natural”
for this project could certainly be considered so under a variety

of circumstances (open water, clear-cut/sparse vegetation,

open-loblolly-shortleaf pine, loblolly-shortleaf pine, loblolly-
slash pine), in most cases in Georgia they are in very active
management (reservoirs, clear-cuts, pine plantations, etc.). We
believe that excluding them results in a more accurate depiction of
lands in a natural state.

For more detailed descriptions of GA-GAP vegetation classes and
the methods used to map them, refer to Kramer et al. (2003).

Spatial Pattern Analysis

The primary analysis of Georgia’s natural vegetation was
conducted in Fragstats 3.3. “Fragstats is a spatial pattern analysis
program for categorical maps” (McGarigal et al. 2003). It allows
for the computation of metrics that describe the distribution and
character of patches of habitat across the landscape, thus it was
ideally suited for analyzing natural vegetation in Georgia.

Several factors were deemed to be most important in describing
the distribution, context, and character of Georgia’s patches of
natural vegetation: these are size, shape, internal cohesiveness,
distance from nonnatural habitats, and distance from other patches
of natural vegetation. When combined, these factors may allow
for an overall evaluation of patches of natural vegetation for
biodiversity protection and conservation potential.

A significant limitation of Fragstats is the size of digital file that
can be processed. A 30-meter grid of the natural vegetation of

the entire state of Georgia, even when recoded to values of 1 and
“No Data,” proved far too large and complex for calculation of
the pattern metrics we desired. There were two potential solutions
to this problem: resample the grid to a larger grain size (or more

coarse resolution), or divide it into smaller areas. We decided to
do both.

The initial 30-meter grid of Georgia’s natural vegetation was
resampled, using a nearest neighbor function, to a 180-meter
resolution. Although there were several problems with the
results of doing this, most notably the coalescing of a number of
larger patches that should probably be analyzed separately, they
still proved useful. We calculated the Fragstats metrics of area,
contiguity, core area, and proximity at a grain of 180-meters.
Area simply measured the surface extent of clumps using a
4-pixel adjacency rule. Core area was similar, but restricted the
surface measurement to areas of natural vegetation more than
(in this case) 180 meters or 1 pixel from an edge. Contiguity is
an indicator of shape, and describes the spatial connectedness or
cohesiveness of cells within a patch; it is expressed as an index
from 0 to 1, with higher values representing more cohesive

patches. These areas are often represented by long continuous
riparian forests.
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The four indices calculated at a 180-meter resolution were
recoded to nine ranked classes. The recoded indices were then
added to create a summed index, which may serve as an overall

Table 1. Distribution of GAP vegetation and land cover classes
into the natural vegetation and nonnatural classes for the natural

vegetation map.

Natural Vegetation

Nonnatural

Beaches, dunes, mud
(coastal areas)

Beaches, dunes, mud
(noncoastal areas)

Coastal dune Open water

Rock outcrop Transportation

Mesic hardwood Utility swath

Submesic hardwood Low-intensity urban
—nonforested

Hardwood forest

High-intensity urban

patch quality evaluation. Using this summed index, we drew a
series of 12 ecologically similar zones across the state, taking
care to minimize splitting significant contiguous areas of natural
vegetation (Figure 1). The goal of this exercise was to include
large patches that crossed ecozones, which are normally divided
along ecoregional boundaries. These zones became the basis for a
new pattern analysis calculated at a 30-meter resolution.

For the 30-meter evaluation, we used slightly different indices.
Core area and proximity were calculated again, but perimeter-to-
area ratio and core area index replaced area and contiguity. Like
contiguity, perimeter-to-area ratio is an indicator of shape. Itis a
simple index, perimeter/area, and describes the compactness of a
clump or patch. Lower values indicate more compact shapes, and
because area is in the denominator, it is inherently biased toward
larger clumps when other factors are equal. For this reason, and
the fact that we were already using core area, we did not feel
that it was necessary to retain the area calculation. For the fourth
index, we chose core area index. This simply calculates the

Xeric forest

Clear-cut/sparse
vegetation

Deciduous cove hardwood

Quarries, strip mines

Northern hardwood

Parks, recreation

Live oak

Golf courses

Xeric pine

Pasture, hay

Hemlock-white pine

Row crop

White pine

Forested urban—

‘ deciduous
Montane mixed pine- Forested urban—
hardwood evergreen

Xeric mixed pine-oak

Forested urban-—mixed

Mixed cove forest

Open loblolly-shortleaf pine

Mixed pine-hardwood

Loblolly-shortleaf pine

Shrub bald

L.oblolly-slash pine

Sandhill

Coastal scrub

Longleaf pine

Cypress-gum swamp

Bottomland hardwood

Salt marsh

Shrub wetland

Evergreen forest wetland

S

70 35 [}} 76 Kilometers = .| Ecological Zone Boundaries

Figure 1. Ecologically similar zones delineated from an analysis
of natural vegetation using 180-meter pixel size. The zones were
identified by combining the results of spatial pattern analysis
measures of area, contiguity, core area, and proximity run on a
map of natural vegetation developed from the GAP vegetation
map. These areas were defined to remove biases along
ecoregion boundaries.
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percent of a clump that is defined as “core area” (> 60 meters,
at the 30-meter grain). It produces an evaluation of internal
cohesiveness that is similar to contiguity.

As with the 180-meter analysis, these four indices were recoded
to nine classes and ranked. The recoded indices were then added
together to create a summed index, which serves as an overall
patch quality evaluation.

Element Occurrence Data

The Georgia Natural Heritage Program (GNHP) tracks
occurrences of a list of “Special Concern” plants and animals.
This database is known as the element occurrence database.
A complete list of tracked species is available at <http://

georgiawildlife.dnr.state.ga.us/content/specialconcernanimals.
asp>.

Besides quantifying the distribution, context, and character

of Georgia’s patches of natural vegetation, we also sought to
illustrate their relationship to known occutrences and potential
habitat for GNHP-tracked species. To do this, we generated
several indices across clumps of natural vegetation.

Based on a scheme devised by GNHP that we modified slightly
for this project, element occurrences were weighted based on
global and state status rankings by NatureServe. (Note: an
explanation of NatureServe G-ranks and S-ranks may be obtained
at the web link cited above.) Table 2 shows the original GNHP
scheme. Our modification of this weighting scheme multiplies
each “A” element occurrence by 3, each “B” by 2, and each “C”
by 1. The most basic calculation we performed was a simple
calculation of the total number of element occurrences per patch
of natural vegetation. We also calculated a weighted density

of individual points for each clump of natural vegetation by
dividing the weighted total by the area. In addition, we generated
a weighted density of element occurrences across the state (per
10,000 square meters or 1 hectare), and calculated the average
weighted density per clump of natural vegetation.

A final use of the GNHP weighting scheme for Species of
Concern involved incorporating them into the GA-GAP vertebrate
models. These models are binary predictions of habitat/nonhabitat
for all of Georgia’s 405 amphibians, breeding birds, nonmarine
mammals, and reptiles. GAP vertebrate models included all
species/subspecies from these taxa that are on the GNHP Species
of Concern list (see <http://georgiawildlife.dnr.state.ga.us/content/
specialconcernanimals.asp>) except the following: limpkin
(Aramus guarauna), ivory-billed woodpecker (Campephilus
principalis), green sea turtle (Chelonia mydas), leatherback
(Dermochelys coriacea), black-billed cuckoo (Coccyzus
erythropthalmus), Chamberlain’s dwarf salamander (Furycea
chamberlaini), Florida panther (Felis concolor coryi), Eastern
cougar (Felis concolor couguar), Sherman’s pocket gopher
(Geomys pinetis fontanelus), black rail (Laterallus jamaicensis),
Kemp’s ridley (Lepidochelys kempii), Blackbeard’s whitetailed
deer (Odocoileus virginianus nigribarbis), Suwannee River cooter
(Pseudemys concinna suwanniensis), Sherman’s fox squirrel
(Sciurus niger shermani), Florida brown snake (Storeria dekayi
victa), Bewick’s wren (Thryomanes bewickii), and Bachman’s
warbler (Vermivora bachmanii). This was a total of 109 species.
For a complete list of GA-GAP vertebrate models and their
methods, see Kramer et al. (2003).

The GA-GAP vertebrate models for the 109 Species of Concern
were multiplied by their GNHP weighting scores and added
together, creating a weighted species richness grid. The mean and
the maximum richness score were calculated for each clump of
natural vegetation,

Conservation Lands

A third GA-GAP data set, the conservation lands database, was
used in an analysis of how well the current conservation network
protects patches of natural vegetation in Georgia. For each clump
of natural vegetation, we calculated the percent of its total area
that is currently under some sort of conservation protection. All

lands in the conservation network were treated equally; we did not
adjust for GAP codes in this study.

Table 2. Weighting scheme for the element occurrence data obtained from the Georgia Natural

Heritage Program.

*Note: All state-protected species are automatically “bumped up” one rank.

Category Designation Weight
All federally protected A 3
species, all G1 or G2

species, G3/51

G3/82, G3/S3, G3/SH, G4/ 2

S1, G4/82, G5/81

G4/SH, G5/SH, G4/S3, C 1

G5/52, G5/S3
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Human Influence

Human influence may be considered a threat to natural vegetation
through land-use conversion, the degradation of resources due to
overuse, the introduction of exotic species, and other factors. We
attempted to quantify this negative influence using two data sets:
human population density, calculated from U.S. Census data, and
road density. Roads may serve as an indicator of human influence
because they facilitate development and provide access to areas.

Our calculation involved creating a population density grid

by census block group (U.S. Bureau of the Census 2001) and
reclassifying this grid by quantiles into nine classes. Using a
statewide roads coverage (University of Georgia—Information
Technology Outreach Services 1997), we created a grid of road
density, calculated as linear meters per hectare, and reclassed

this into nine classes using Jenks’s natural breaks (Brewer and
Pickle 2002). We multiplied the reclassed road density by two
and added this to the reclassed population density. We then
calculated the average value of this surface per clump of natural
vegetation. Especially when combined with the conservation lands
assessment, this value may be considered a threats assessment for
significant areas of natural vegetation in Georgia.

Results and Discussion

Natural Vegetation

Based on our classification, approximately 36 percent of the

state is covered by vegetation in a natural state (Figure 2). The
Blue Ridge ecoregion has 78 percent of its land area in natural
communities, whereas the Piedmont and Coastal Plain are 35 and
33 percent, respectively. ’

Pattern Analysis
The 180-meter resolution analysis resulted in the coalescing of

many clumps of natural vegetation (Figure 3). For this reason,

it is probably more valuable for broad-scale viewing than actual
analysis and ranking of individual patches. The total index for the
30-meter scale analysis is found in Figure 4.

The results of the core area analysis hightight intact patches
where “edge effect” is minimized (McGarigal et al. 2003).
Many species of concern respond negatively to increased edges,
especially those in urban areas (Collinge 1996). Patches with

a large core area can provide havens for these species where
they are less likely to suffer predation, brood parasitism, human

Cumberland Plateau

Ridge and Valley Biue Ridge

s E:_" mt Ecoregion

70 Kilometers M Natural Vegetation

&f

Patch Ranking

70 Kilometers i N
[ ecomson

Figure 2. Natural vegetation classification of Georgia resampled to
180-meter pixel size. Derived from the GA-GAP vegetation map.
The six major ecoregions of Georgia are shown in this figure.

Figure 3. Index of patches of natural vegetation at 180-meter
resolution. The index is derived by adding outputs of patch core
area, contiguity, perimeter-to-area ratio, and proximity spatial
pattern metrics into a single layer. Pattern metrics were derived
using Fragstats software.
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Figure 4. Sum of metric pattern metric rankings developed at 30-
meter resolution. The metrics include core area, proximity, core
area index, and contiguity. These metrics were derived from the
natural vegetation map using Fragstats software.

encroachment, or other negative factors (McKinney 2002). Core
area index is similar, but as a percentage is not biased toward
larger parcels and provides a means for evaluating the internal
integrity of parcels of any size (McGarigal et al. 2003). Contiguity
and perimeter-to-area ratio both measure shape; perimeter-to-area
ratio is useful for finding large, compact patches, while contiguity
focuses on internal cohesiveness and may highlight intact corridors
(McGarigal et al. 2003). Proximity is best used as part of an overall
index (such as the summed index calculated here); it provides a
measure of a patch’s place within the landscape (McGarigal et

al. 2003). Because it considers so many different factors, the sum
of the individual measures may be the most useful data set for
determining the quality of patches of natural vegetation.

It should be noted that these rankings are not necessarily a
prioritization scheme for land protection in Georgia. For example,
the dearth of high-ranking patches in the Piedmont, especially
when compared to a region such as the Blue Ridge, does not mean
that there are no lands worth conserving in the Piedmont. Priorities
within the Piedmont may be different from those in the Blue

Ridge, and parcels within the region may be evaluated relative to
one another, rather than across regions.

Figure 5. Average weighted density of element occurrences

per patch of natural vegetation, calculated per 10,000 square
meters. This map was derived using the Georgia Natural Heritage
Program’s element occurrences database. This database includes
aquatic as well as plant and animal point data.

Many of the high-ranking patches are already part of the
existing conservation network. Although a separate analysis
looks at the conservation status of individual parcels, it is also
informative to view the pattern analysis as it visually relates to
the conservation lands of Georgia.

Element Occurrence Data

The different uses of GNHP element occurrences for this
project illustrate slightly different values for individual
patches, none necessarily better than another. The total
number of GNHP element occurrences per patch appears to

be somewhat biased toward large patches. However, this is
not necessarily an unfair bias, as large patches may indeed be
more likely to harbor a greater number of rare species than
small patches. The weighted density of points per patch (total
weighted value/area) highlights many small patches and a few
larger ones that may be important for rare species. The average
weighted density per patch illustrates a more even prediction
across the landscape, emphasizing more broad-scale processes
(Figure 5). Since the results of each analysis are so different,
they should be seen as alternative views, each capturing a
different conservation need.
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Figure 6. Weighted species richness of GNHP Species of
Concern—amphibians, breeding birds, terrestrial mammals, and
reptiles—at 30-meter resolution. These data were derived from
the vertebrate model maps produced for GA-GAP.

The weighted species richness grid, calculated from amphibians,
breeding birds, terrestrial mammals, and reptiles on the GNHP
Species of Concern list, presents a completely different way

of looking at biodiversity (Figure 6). Species richness was

also evaluated at the patch level, both as an average and as a
maximum across each patch of natural vegetation. The average
tends to capture landscape-level trends, while the maximum -
focuses on specific areas of important habitat.

Conservation Lands

The conservation lands analysis provides an indication of how
well the current conservation network is protecting natural
vegetation (Figure 7). Significant patches that are lighter may be
seen as being more threatened than darker colored patches. Under
this scenario, significant lighter colored patches might be seen as
conservation targets.

Human Influence

We calculated human influence at the natural vegetation patch
scale to illustrate threats to individual patches, or perhaps targets
for restoration (Figure 8). It is important to note that in areas

of high human influence, patches of natural vegetation will

be small, whereas in areas with low human influence, we find

Figure 7. Percent of patches of natural vegetation in current
conservation network. These data represent the percentage of
natural vegetation that makes up each property in the Georgia
GAP Stewardship database. .

larger patches. This is just one way of looking at this factor. As
part of future analyses, another way that might prove valuable
would be to examine human influence within the neighborhood
surrounding each patch. This would perhaps gauge future threats
more accurately. '

Limitations

The process outlined above provides a coarse-filter approach to
land conservation. Because the GAP mapping process makes

a number of assumptions, these assumptions must be carried
through when evaluating the results of these analyses. For
example, GAP data does not take into account any measure of
habitat quality and in fact uses vegetation communities as a
surrogate for habitat. This method does not take into account the
distribution of invasive species or other changes in a vegetative
patch that might be modified by human management. The process